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NicotineSchizophrenia is increasingly being viewed as a “whole brain” disorderwith deﬁcits affectingwidespread cortical
and subcortical networks. Within this context, studies of visual cortical function may be particularly important
both because visual processing deﬁcits directly affect social and occupational function and because these systems
are well characterized at the basic science level, permitting informative translational research. This article sum-
marizes a conference on visual processing dysfunction in schizophrenia held in Lausanne, Switzerland from June
30 to July 1, 2014 and introduces this special issue. Speakers focused on multiple aspects of visual dysfunction in
schizophrenia using behavioral, neurophysiological and fMRI-based approaches.
Fourmain themes emerged. First was a focus on response disturbanceswithin the early visual system, using par-
adigms such as sensory EEG and MEG-based responses. Second, behavioral deﬁcits were noted in processing re-
lated to local interaction within visual regions, using paradigms such as Vernier acuity or contour integration.
These deﬁcits provided potential model systems to understand impaired connectivity within the brain in schizo-
phrenia more generally.
Third, several visual measures were found to correlate highly with symptoms and/or neurocognitive processing.
Deﬁcits in contour integration, for example, correlated highly with conceptual disorganization, whereas percep-
tual instability correlated with delusion formation. These ﬁndings highlight links between perceptual-level dis-
turbance and clinical manifestation. Finally, the potential involvement of speciﬁc neurotransmitter receptors,
including N-methyl-D-aspartate (NMDA)-type glutamate receptors and alpha7 nicotinic receptors were
discussed as potential etiological mechanisms. Overall, the meeting highlighted the contributions of visual path-
way dysfunction to the etiopathogenesis of neurocognitive dysfunction in schizophrenia.© 2015 Published by Elsevier Inc.1. Introduction
This special issue reviews presentations from a special workshop on
“Sensory Perception & Schizophrenia,” held in Lausanne, Switzerland
from June 30 to July 1, 2014, and organized by Profs. Michael Herzog
and Micah Murray, and Dr. Alublena Shaqiri. The purpose of the work-
shop was to highlight the considerable progress that has been made in
understanding the nature of thevisual deﬁcits in schizophrenia, and, per-
haps more importantly, using the visual system as an opportunity to
probe basic mechanisms in physiological dysfunction in schizophrenia.
An emerging consensus is that although visual system function is
probably no more impaired than that of other brain regions in schizo-
phrenia, it is probably also no less impaired. Furthermore, neural mech-
anisms of basic visual processing are well known and are highly
amenable to translational research at least using primate models.
Thus, hypotheses developed in the course of clinical investigation can
be examined in animal models, whereas basic ﬁndings from animal
studies can be used to develop strong, testable hypotheses regardingmechanisms underlying local circuit and neurophysiological impair-
ments in schizophrenia.2. Visual input dysfunction and subcortical visual systems
One strong theme of the conferencewas using neurophysiological ap-
proaches to probe basic visual function in schizophrenia. Such studies
take advantage of the well-characterized functional properties of the
early visual system. The subcortical visual pathways are divided into
two main components, the magnocellular and parvocellular systems,
which have different functional properties basedupon the response prop-
erties ofmagnocellular and parvocellular neuronswithin retina and later-
al geniculate nucleus (Fig. 1A). These subcortical visual pathways project
preferentially to the dorsal and ventral visual streams, respectively.
Furthermore, rapid transmission of information through the
magnocellular system permits rapid processing of low spatial frequency
information by the dorsal stream “vision for action” system. This input
both permits rapid orienting of attention to salient stimuli, and provides
an organizing input to ventral stream “vision for identiﬁcation” regions.
Slower, higher resolution input through the ventral stream system then
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tailed stimulus evaluation (Fig. 1A).
Javitt et al. focused on deﬁcits inmagnocellular function that have been
detected using both neurophysiological (Friedman et al., 2012; Martinez
et al., 2012a) and fMRI-(Martinez et al., 2008, 2012a, 2012b) based ap-
proaches. For example, in fMRI, highly robust deﬁcits are observed for acti-
vationof primary visual cortex by lowspatial frequency information,which
primarily targets peripheral regions of primary visual cortex consistent
with primary magnocellular pathway input (Fig. 1B, red regions). By con-
trast, activation by high spatial frequency information,which primarily tar-
gets foveal regions of primary visual cortex is relatively intact (Fig. 1B, blue
regions), suggesting functional dissociation between the two pathways.
Similar neurophysiological disturbances of early function have been
highlighted by Uhlhaas et al. (Rivolta et al., 2014), who investigate visu-
al dysfunction in schizophrenia using Mooney faces. Mooney faces are
two-tone images of human faces that are known to activate human
face areas, but to require extensive local processing to determine
whether or not a face is present. These faces induce a characteristic se-
quence of activations within cortex including.
It has been suggested that such deﬁcits may arise from volumetric
decreases in striate visual cortex (area 17), and may speciﬁcally reﬂect
impairments in cortico-cortical neurotransmission (Tan et al., 2013).
In contrast to ﬁrst episode patients, individuals with established schizo-
phrenia showing deﬁcits in gamma band activity have also been detect-
ed with MEG (Grutzner et al., 2013). Thus, evolution of these ﬁndings
over the course of the disorder may provide critical insights into under-
lying pathophysiological mechanisms.
3. Local circuit interaction within the visual system
A second strong theme was the use of visual studies to analyze
mechanisms of local circuit processing within the early visual system.Property Magno Parvo
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onstrate early visual sensory deﬁcits. In the Vernier offset paradigm,
vertical lines are presented that are offset either left or right at the mid-
point. Relative to controls, schizophrenia patients require a larger offset
between halves to detect the direction of the offset. In general, detection
of Vernier offset is thought to reﬂect local processing within ventral
stream visual regions, such as lateral occipital cortex, supporting the
concept of impaired local processingwithin ventral, aswell as dorsal, vi-
sual stream. In EEG analysis of these deﬁcits, reduced activationwas ob-
served at about 200 ms after stimulus onset with activity localizing
primarily to LOC, supporting the localization to ventral stream, although
additional deﬁcits were observed in left posterior parietal cortex,
reﬂecting dorsal stream activation as well. Deﬁcits are interpreted as
reﬂecting impaired top-down regulation of LOC from regions inferior
parietal cortex and frontal eye ﬁelds (Plomp et al., 2013).
Silverstein et al. also investigated interaction among visual regions
as a model for understanding more general features of disorganization
in schizophrenia using paradigms involving contour integration and
size contrast, and also evaluated the degree to which differences in be-
havior and brain activation in these paradigms differentiate groups and
predict level of disorganization (Feigenson et al., 2014; Silverstein and
Keane, 2011; Silverstein et al., 2013).
Murray et al. highlighted the differential visual pathways involved in
Kanizsa ﬁgure processing and perceptual closure, with particular focus
on the P1 potential. Deﬁcits in P1 generation, in particular, were found
to localize to left precuneus andmedial inferior parietal cortex, suggest-
ing failure of early stage dorsal stream dysfunction in schizophrenia
(Knebel et al., 2011).
Tschacher et al. evaluated the integrity of “binding” in schizophrenia
usingparadigms inwhichbindingwasdetermined by either visual stim-
ulation alone (type 1) or combined auditory/visual stimulation (type 2).
Patients showed deﬁcits only in type 2 binding, permitting reﬁnementon”
High SF
Low SF
Co
n
tr
o
ls
Pa
tie
n
ts
B
lar (P) pathways project differentially to dorsal vs. ventral visual streams. Properties of the
secondary (V2–V4) visual regions (legend shownat bottom). Regions showingpreferential
blue, respectively. Schizophrenia patients show signiﬁcant reductions in response to low
blue regions) remains relatively intact. From Martinez et al. (2008).
    Magnocellular Condition
(appearance-disappearance)
Depth of Modulation
0 12 4 8 16 32
0
1
2
3
4
*
*
*
-Butler et al., Am J Psychiat, 
158:1126-33, 2001
A) Human
-Kwon, Nelson, Toth & Sur, 
J Neurophysiol 68:182, 1992 
Pre-APV
Post APV
Recovery
B) Cat LGN
Sp
ik
e 
fir
in
g 
ra
te
 (s
pik
es
/s)
Contrast
Si
gn
al
-to
-N
oi
se
 R
at
io
Fig. 2. A. Steady-state visual evoked response (ssVEP) as a function of visual contrast in healthy volunteers. B. Firing rate of neurons in cat lateral geniculate nucleus (LGN) as a function of
contrast before and after infusion of the NMDA receptor antagonist 2-amino-5-phosphonovaleric acid (APV).
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cessing of Gestalt information (Tschacher and Bergomi, 2011).4. Contribution of visual-level dysfunction to symptoms and higher
order cognition
In addition to their importance asmarkers of local circuit dysfunction,
visual deﬁcits may contribute directly to symptoms and to cognitive
functions necessary for normal social and occupational performance.
Giersch et al. highlighted the importance of temporal sequencing in
both visual processing and higher order cognitive function. In the visual
system, the ability to detect temporal order can be easily assessed using
stimuli presented either simultaneously or with temporal offset. Pa-
tients require increased offset to detect asynchronies, suggesting that
they may have more general impairments in determining temporal
order thatmay signiﬁcantlymediate difﬁculties in engaging in everyday
events (Capa et al., 2014).
Silverstein, by contrast, highlighted the relationship between re-
duced perceptual organization (on 2 different tasks) and reduced con-
ceptual organization (i.e., increased conceptual disorganization). These
data support the hypothesis that impaired perceptual organization is
an aspect of the disorganization syndrome, and therefore that psycho-
physical tests of visionmay be themost easily and objectivelymeasured
biomarkers of this symptom dimension. These data also support the re-
lated hypothesis that there is a canonical cortical computation algo-
rithm involving gain control via contextual modulation that is
impaired in schizophrenia (owing to widespread circuit dysfunction
rooted in changes in NMDA-receptor and GABA-ergic activity) and
that account for the signiﬁcantly correlatedmanifestations of disorgani-
zation across cognitive and behavioral domains (Phillips and Silverstein,
2003; Phillips et al., 2015).
Similarly, Sterzer et al. highlighted the importance of perceptual in-
ference to delusion formation. In the study, response to ambiguous
stimulationwasused to probe the relationship between lower level per-
ceptual instability and delusion-proneness. Increased sensitivity to de-
lusions was associated with increased perceptual instability but also
increased functional connectivity between frontal and occipital visual
sensory regions (Schmack et al., 2013).Javitt et al. have highlighted the importance of early visual functions
to suchprocesses as reading (Revheimet al., 2014), face emotionprocess-
ing (Butler et al., 2009) and perceptual closure (Sehatpour et al., 2010). In
all cases, failure of magnocellular input into dorsal stream regions may
play a critical role in these impairments, which then lead to impairments
in occupational and social function (Javitt and Freedman, 2015).
Mohr et al. investigated the utility of visual measures as endo-
phenotypes in schizophrenia, using the shine-through visual backward
masking paradigm and the Wisconsin Card Sorting Test (WCST) to test
visual and higher cognitive function, respectively. Backward masking
performance differentiated groups scoring high vs. low on the cognitive
disorganization factor of the WCST, suggesting potential utility of the
shine-through paradigm as an endophenotype in the study of
schizotypy (Cappe et al., 2012).5. Neurochemical models
A ﬁnal theme touched on by several of the presentations concerned
potential neurochemical theories underlying visual cortical dysfunction.
Javitt et al. have focused on the importance of dysfunction of N-methyl-
D-aspartate (NMDAR) type in the pathogenesis of early sensory impair-
ments in schizophrenia, including visual sensory dysfunction (Javitt and
Freedman, 2015). Glutamatergic theories of schizophrenia are based
upon the observation that NMDAR antagonists such as phencylidine
(PCP) or ketamine induce symptoms and neurocognitive deﬁcits in
healthy volunteers that closely resemble those of schizophrenia. Such
agents function by blocking neurotransmission at NMDAR type gluta-
mate receptors, supporting the importance of NMDAR in the patho-
physiology of schizophrenia (Javitt, 1987; Javitt and Zukin, 1991).
Javitt et al. highlighted the potential role of NMDAR dysfunction in
the pathophysiology of early visual deﬁcits, particularly in the reduction
of non-linear gain functions within the magnocellular visual pathway
(Fig. 2). These ﬁndings suggest that the differential deﬁcits in
magnocellular vs. parvocellular system function in schizophrenia may
be due to the increased non-linear gain of the magnocellular vs.
parvocellular visual systems, and further that failure of non-linear gain
mechanisms may be a generalized failure throughout cortex in schizo-
phrenia (Javitt and Freedman, 2015).
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matergic dysfunction to the disturbances in M100/M170 responses ob-
served during Mooney face processing, likely through a shift in the
excitatory/inhibitory balance toward excitation, potentially through
NMDAR dysfunction on inhibitory interneurons (Rivolta et al., 2014).
Herzog et al. focused on the potential role of cholinergic dysfunction.
Cholinergic dysfunction has been linked to schizophrenia both through
the hypothesis of nicotine smoking as self-medication, as well as
through observations that impairments in sensory (e.g. auditory P50)
gating are associated with genetic abnormalities of the nicotinic
alpha-7 receptor. Links to early visual function are supported by ﬁnding
of small negative effects of smoking cessation on visual backward
masking performance in habitual smokers (Kunchulia et al., 2014), as
well as theoretical models.
6. Summary
Deﬁcits in early visual function are now a consistent ﬁnding across
paradigms and regions in schizophrenia. Although ideal ﬁndings are
still being developed, behavioral, neurophysiological and fMRI-based
approaches have yielded convergent information and critical insights
into the nature of physiological impairments in schizophrenia. These
deﬁcits provide important targets as well for future interventional re-
search. Although sensory processing was once considered an “intact
simple function” in schizophrenia (Javitt, 2009), a conﬂuence ofﬁndings
continues to show deﬁcits that are as severe as those observed in other
types of cognitive function, and that contribute directly to symptoms
and impaired psychosocial outcome in schizophrenia.
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